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Antigen contact via the alimentary tract prior to sensitization 
may result in systemic immunologic unresponsiveness ("oral 
tolerance"). The induction of oral tolerance seems an attrac-
tive strategy to combat undesired immune responses, such as 
allograft rejection and autoimmune and allergic diseases. We 
describe clear and reproducible sensitization to nickel in mice 
reared under nickel-free conditions. Hypersensitivity was in-
duced by injecting nickel sulfate intradermally into the flank 
skin and elicited by injecting the metal salt into the pinnae of 
the ears. The effectiveness of orally induced hyporesponsive-
ness could be inferred from a low degree of hypersensitivity 
obtained with mice raised and maintained in cages with 
nickel-releasing covers and water nipples. This mouse model 
N ickel is the most common contact sensitizer in the general population worldwide [lJ. Chromium is the second most common skin allergen [2J. Because metal dermatitis has a potentially debilitating out-come [3J, the development of protocols for preven-
tion and therapy of these allergies is of great importance. One prom-
ising way to achieve unresponsiveness to sensitization may lie in the 
induction of oral tolerance. It has been demonstrated that in sharp 
contrast to the sensitizing effects of antigens administered via the 
skin, antigen administration via the oral route can lead to a state of 
systemic immunologic hyporesponsiveness (reviewed in [4- 7J). 
That oral tolerance also occurs in humans has recently been demon-
strated by us. In a retrospective study on allergic contact hypersensi-
tivity to nickel, a beneficial effect of previous oral contacts to nickel 
by means of orthodontic braces was seen on subsequent nickel-sen-
sitizing events, such as ear-piercing [8]. 
A prerequisite for studying systemic tolerance to metals is the 
development of a reproducible animal hypersensitivity model. Al-
though we have recently been able to induce oral tolerance to nickel 
in guinea pigs [9], the development of a similar model in the mouse 
would be especially helpful in the study of the mechanism of oral 
tolerance because of the avai lability of weB-defined inbred strains 
and immunologic reagents for this species. However, setting up 
mouse models for nickel allergy has proved extremely difficult 
[10 -12J . 
In a recent study, we attempted sensitization of mice to chro-
mium, mercury, and nickel with conventional methods involving 
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for the assay of nickel hypersensitivity was used for oral tole~. 
ance studies by administrating non-toxic doses of nickel suI. 
fate in drinking water or intragastrically prior to sensitiz~. 
tion. In these animals, the development of delayed-tyJlt 
hypersensitivity was suppressed in a dose-dependent WJ)', 
and the hyporesponsiveness could be transferred by CD81 
cells. The antigen specificity of this oral tolerance could b( 
demonstrated by the concomitant use of sensitization anij 
challenge procedures for nickel and chromium. The hypet 
sensitivity assay described provides a versatile, highly repro. 
ducible experimental model to study immunoregulation Qf 
oral tolerance to clinically relevant metal allergens. ] bl/l~1 
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the use of complete Freund's adjuvant (CFA), as well as epicl\, 
taneous sensitization methods in which oral grooming of the alle~ 
gen at the sensitization site was avoided by meal1S of a plaster call 
[13J. Although this closed epicutaneous sensitization was shown 
be successfu l for mercury and chromium, for nickel only occasioI\, 
ally was a significant ear-swelling response observed with CFA, 
The use of other adjuvants, such as Pertussis toxin, and Corynebact~ 
rirml parvum, did not improve the degree of sensitization. In tht 
present study, we describe successful, highly reproducible sensitiz~, 
tion to nickel by a single intradermal injection of nickel su lfate i\ 
CFA into both flanks. To exclude possible interference of oq( 
nickel contacts from the environment, we used mice that had bee~ 
bred in metal-free cages for at least two generations. Using tl~ 
hypersensitivity model, oral tolerance induction to nickel was stud, 
ied by feeding nickel sulfate prior to sensitization. 
MATERIALS AND METHODS 
Animals BALB/c (H-2d) mice were purchased from Bon" 
holtgard (Ry, Denmark) or were bred in our own breeding faciliti 
(KJinisch Dierexperimenteel Laboratoriul11, Vrije Universitei 
Amsterdam, The Netherlands). Unless otherwise stated, anil11a~ 
were bred in metal-free cages for at least two generations bcfor~ 
they were used in experiments. A metal-free cage consisted of , 
macrolon tray with a glass cover, with access to water via a gl 
water nipple (prepared by the Technical Department, Vrije Unl\ 
versiteit). The glass covers had been fitted with holes and had bee~ 
heightened on corner sites to enable sufficient ventilation. Accord, 
ing to measurements of the Amsterdam Drinking Water Company, 
no detectable levels of nickel could be demonstrated in the drinkin~ 
water. Female mice 8 -12 weeks of age at the start of an experimen\ 
were used. 
Induction and Assay of Sensitivity to Nickel During the im, 
munization procedure animals were anesthetized with 1 J.ll/g bod), 
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weight of a 4: 3 mixture of Aescoket (Aesculaap B. V., Boxtel, The 
Netherlands) and Rompull (Bayer, Leverkusen, Germany) by intra-
muscular injection. Sensitization to nickel (and in some experi-
ment.s, concomitantly to chromium) was performed with metal 
sal.t 111 emulsified CFA. A dose of 6 mg NiS04 (i .e., 10 mg 
NIS04 • 6H20, unless otherwise stated) and, for concomitant cllfo-
mium sensitization, 6 mg K2Cr207 was dissolved per milliliter of 
sal1l1e and emulsified with equal volumes of CFA (Mycobacterium 
bUlyriw/II, Difco Laboratory, Detroit, MI). The water-in-oil nature 
~f the CFA emulsions was routinely checked by the non-dispersabi-
hty of a drop of the emulsion in water. A 0.05-ml volume of the 
emulsion was iJ~ected intradermally into the shaved skin of each 
flank. Accurate intradermal injection was achieved by taking the 
fla nk skin tightly between two fingers and inserting a needle be-
tween the fin gers into the skin. Thus, each mouse received 0.3 mg 
NiSO. in 0.1 ml CFA emulsion. Control animals were injected 
with CFA emulsion only. 
Delayed-type hypersensitivity to nickel was elicited by il~ecting a 
dose of 10 IJ.g NiS04 in a volume of 20 IJ.I saline into the pinna of 
each ear. This dose was chosen because it caused an ear-swelling 
response that did not exceed the response of a saline-treated negative 
control group. When delayed-type hypersensitivity to chromium 
was tested as well, one ear was challenged with NiS04 and the other 
ear with 10 IJ.g K2Cr207 in 20,ul saline. In some experiments, at-
tempts of epicutaneous challenge for nickel contact sensitivity were 
made by application of NiS04 (5%, 10%, and 15%) in 40% di-
methyl sulfoxide/distilled water, ethanol, or methanol on the dor-
sum of both ears. Delayed hypersensitivity reactions were deter-
mined 24, 48, 72, and, sometimes, 96 h after challenge by measuring 
the increment in ear thickness to pre-challenge value with an engi-
neer's micrometer (Mitutuyo MFG, Tokyo,Japan) . The data shown 
represent the mean ear-swelling responses and ~re expresse~ in units 
of mm X 10- 2 ± SD. A control group conslstmg of CFA-Immune 
mice challenged in the same way as the mice to be tested was always 
included. Animals were considered responders when the ear-swel-
ling response exceeded the control value plus twice the SD. Com-
parisons between groups were made using the non-parametric Wil-
coxon test. The level of significance was set at p < 0.05. 
Oral Antigen Exposure Indicated concentrations of NiS04 or, 
in some experiments, K2Cr20 7 were added to the drinking water of 
groups of mice prior to sensitization during periods of 1 - 3 weeks. 
Oral intake of water was monitored to determine the metal salt 
ingestion. In initial experiments, oral antigen exposure consisted of 
weekly intragastric feeding by means of a stomach tube, with indi-
cated doses ofNiS04 dissolved in 0.2 ml distilled water. Toxicity of 
oral treatments with nickel or chromium was evaluated by monitor-
ing the body weight during the course of the experiment. 
Preparation of Cells and Adoptive Transfer For transfer of 
nickel hyperse nsitivity, pooled cell suspensions were prepared from 
spleen and lymph nodes draining the immunization sites (brachial, 
axillar, and inguinal nodes) 8 d after immunization, and 2 X 108 
cells (approximately the number of cells obtained per donor) were 
injected intravenously. For transfer of oral tolerance, pooled cell 
suspensions were prepared from lymph nodes (cervical and mesen-
teric) and spleens from animals fed nickel sulfate in drinking water 
for 3 weeks until a week earlier, and 1 X 108 cells were injected 
intravenously. 
For transfer of nickel hypersensitivity, recipients were challenged 
within 1 h after transfer. For transfer of oral tolerance, recipients 
were immunized with nickel in CFA within 1 h after transfer and 
challenged 11 d later. 
CD8+ T lymphocytes were (negatively) isolated by magnetic 
bead selection. Cells were incubated for 15 min at 4 ° C with mono-
clonal anti-CD8 (Lyt-2, clone 53-6.72) [14) , washed three times 
with RPMI-0.5% bovine serum albumin, and incubated with sheep 
anti-rat immunoglobulin G (Fc) -coated immunomagnetic beads 
(Dynabeads, Dynal AS, Oslo, Norway) for 15 min at 4°C under 
gently mixing conditions. The Dynabeads target cell (CD8+ cells) 
ratio was 10: 1. Subsequently, CD8+ cells were magnetically re-
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Figure 1. Optimalization of sensitization of mice to rUckel. A, optimal 
challenge time is 11 d after sensitization. Groups of mice were immunized 
with NiSO. as indicated in Materials aud Methods at 5, 8,11, or 14 d before 
challenge with nickel into the pinnae of the ears (black bars). Control groups 
received emulsified CFA only and were challenged in the same way as 
experimental groups (oJlen bars). Data are expressed as mean ear-swelling 
response (X 10- 2 mm) ± SO of seven mice at 48 h after challenge. B, opti-
mal sensitization dose is 0.3 mg NiSO • . Groups of mice were sensitized by 
intradermal injection into the f1aIL~s with 2 X 0.05 ml emulsified CFA con-
taining 0.03, 0.1, 0.3, or 1.0 mg NiSO. (black bars). A control group re-
ceived emulsified CFA only (ope/l bar). Eleven days later all groups were 
challenged with nickel into the pi.nnae of both cars. Data are expressed as 
mean ear-swelling response (X 10- 2 mm) ± SO of seven mice at 48 h after 
challenge. "The dose of 1.0 mg NiSO. had caused local toxicity (skin dam-
age) at sensitization sites. 'p < 0.02, "p < 0.01 , "'p < 0.001 as compared 
to the CFA-immunized control group (opw bars). 
moved, and supernatant cells containing less than 0.1 % CD8+ cells 
were transferred into recipient mice (9 X 107 cells/recipient be-
cause approximately 10% of the total pool was CD8+). To select for 
CD8+ cells, the cells that had bound to the magnet were cultured 
overnight, after which free magnetic beads could be removed. The 
purity of the cells was assessed by indirect immunofluorescent stain-
ing with monoclonal anti-CD8 (Lyt-2, clone 53-6.72) . The 
method led to a purification from 10% to greater than 70% CD8+ 
cells in the latter population. After washing, the CD8+ population 
was injected into recipient mice (1 X 107 cells/recipient) . 
RESULTS 
Successful Sensitization and Challenge to Nickel in Mice 
Bred in a Nickel-Free Environment An attempt was made to 
sensitize BALB/ c mice to nickel by intradermal immunization with 
nickel sulfate in emulsified CFA. In consequence of our successful 
nickel-sensitization model in the guinea pig [15], we attempted 
intradermal sensitization in fl ank skin instead of subcutaneous foot-
pad iqjections. After various tin1.es (5, 8,11, or 14 d), animals were 
challenged epicutaneously on the dorsum of the ears with 5%, 10%, 
or 15% nickel sulfate in 40% dimethyl sulfoxide, ethanol, or metha-
nol. Intradermal challenge was also explored by injecting nickel 
sulfate in saline into the pinnae of the ears. This type of testing has 
been used previously in the original guinea pig-sensitization assays 
(Draize test) [16) . 
None of the epicutaneous attempts were successful (data not 
shown), but with the intradermal challenge a strong increase in ear 
thickness was achieved that was maximal when challenged at day 11 
after immunization (Fig l A ; number of responders, seven of seven) . 
An immunization dose of 0.3 mg NiSO. was found to be optimal 
(Fig IB) because higher doses caused local toxicity (skin damage) at 
immunization sites. The time course of the hypersensitivity reac-
tion was clearly delayed, with a maximum at 48 h (Fig 2A) . To 
verify that induced hypersensitivity was cell mediated, cells were 
isolated from donors immunized with nickel in CFA and from 
CFA-immunized controls and injected intravenously into syngen-
eic naive recipients. Subsequent challenge demonstrated clearly the 
cell-mediated nature of the nickel hypersensitivity (Fig 2B). 
Feeding Nickel Induces Unresponsiveness To see whether 
nickel contact via the digestive tract can lead to a downregulation in 
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Figure 2. Time course of nickel hypersensitivity response. A, delayed time 
course of the hypersensitivity response to nickel. A group of mice was 
sensitized to nickel as indicated in Materials and Methods (black dots). Control 
mice received emulsified CFA only (oPell dots). Eleven days later groups were 
challenged with 10,Ltg NiSO. in 20,u1 saline into the pinnae of both ears. 
Kinetics of the mean ear-swelling responses (X 10-2 mm) ± SD of seven 
mice are shown. B, adoptive transfer of nickel DTH into syngeneic reci-
pients. Recipients were injected intravenously with 2 X 108 lymphoid cells, 
obtained from donors sensitized to nickel (black dots) or to emulsified CFA 
only (open dots) 8 d earlier. Recipients were challenged immediately with 
nickel into the pinnae of both ears. Kinetics of the mean ear-swelling re-
sponses (X ]0-2 mm) ± SD of six mice per group are shown. 
the development of delayed-type hypersensitivity, mice were fed 
intragastrically with 1 mg NiS04 weekly for 3 weeks. One week 
after the last intragastric administration, the animals were sensitized 
and subsequently challenged. The intragastric administration of 
nickel sulfate had caused a profound state of hyporesponsiveness 
(Fig 3; 80% suppression). The time course of the hypersensitivity 
reaction in nickel-fed mice was similar to that in unfed mice (data 
not shown). The animals remained healthy, and no effects on body 
weight were observed. 
Similar results were seen when mice were fed with different doses 
of nickel sulfate via the drinking water. Again, cutaneous sensitiza-
tion was attempted 1 we~k after the nickel feeding was stopped. On 
challenge, it was seen that oral exposure to the highest concentra-
tion for 3 weeks had induced almost complete unresponsiveness. 
Feeding with lower concentrations or for a shorter period (1 week 
versus 3 weeks) demonstrated dose dependency of unresponsiveness 
(Fig 4A,B). 
Antigen Specificity of Oral Tolerance We wished to deter-
mine whether the unresponsiveness due to feeding with nickel in 
NiS04 
intra-
gastrically 
+ 
5 
Ear swelling response 
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Figure 3. Suppression of the hypersensitivity response by feeding mice 
nickel sulfate intragastrically prior to sensitization. A group of mice was fed 
intragastrically with 2 mg NiSO. in 0.2 ml saline three times at week!y 
intervals (total dose 6 mg per mouse). One week after the last feeding mice 
were sensitized to nickel. Eleven days after sensitization animals were chal-
lenged with nickel into the pinna of the ears. Data are expressed as mean 
ear-swelling response (X 10- 2 mm) ± SD of six to seven mice per group at 
48 h after challenge. Open bar, anima!s treated with CFA only; solid bar, 
animals sensitized to nickel; hatched bar, animals fed intragastrically with 
NiSO. and subsequently sensitized to nickel; .p < 0.01 compared with the 
unfed nickel-sensitized group (solid bar) . 
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Figure 4. Dose-dependent suppression of the hypersensitivity response by 
exposure to nickel sulfate containing drinking water. Groups of mice were 
supplied with drinking water containing 10, :30, or 90 mg NiSO./liter for 
(A) 1 week (approximate total doses 0.2, 0.6, and 1.8 mg per mouse, respec. 
tively) or (B) for 3 weeks (approximate total doses 0.7, 2, and 6 mg per 
mouse, respectively). One week after the oral treatment, mice were sensi-
tized to nickel. Eleven days after sensitization, animals were challenged with 
nickel into the pinnae of the ears. Data are expressed as mean ear-swelling 
response (X 10- 2 mm) ± SD of six to eight mice per group at 48 h after 
challenge. Opell bars, animals treated with CFA only; solid bars, animals 
sensitized to nickel; hatched bars, animals fed with nickel and subsequently 
sensitized to nickel; .p < 0.025; •• p < 0.015; ' •• p < 0.005 compared with 
the unfed nickel-sensitized group (solid bars). 
this mouse model was an antigen-specific immunologic phenome-
non. Therefore , concomitant nickel and chromium sensitization 
was attempted, and mice were challenged with both metal salts (see 
Materials and Methods) . The mice exhibited clear ear-swelling re-
sponses to both metals (Fig 5). The time course for nickel hypersen-
sitivity was similar to that in Fig 2A. Chromium hypersensi tivity 
showed a more protracted time course, with a maximum at 72 h 
(data not shown). Feeding either nickel or chromium salt prior to 
double sensitization clearly demonstrated the antigen specificity of 
the induced oral tolerance (Fig 5). 
Unresponsiveness to Nickel Sensitization by Exposure to 
Nickel-Releasing Cages To verify that potential tolerogenic 
oral nickel contacts from housing might interfere with induction of 
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Figure 5. Antigen specificity of orally induced tolerance. Groups of mict 
were fed with either 90 mg NiSO. or 90 mg KZCrZ0 7 per liter of drinking 
water for 3 weeks (approximate total doses 6 mg NiSO. or 6 mg K2Cr20 7 
per mouse). One week after the oral treatment, mice were sensitized to both 
nickel and chromium. Eleven days after sensitization, animals were chal. 
lenged with nickel at the left ear (A) and chromium at the right ear (B). Data 
are expressed as mean ear-swelling response (X 10- 2 mm) ± SD of six to 
seven mice per group for nickel at 48 h after challenge and for chromium at 
72 II after challenge. Opell bars, animals treated with CFA only; solid bars, 
animals sensitized to both nickel and chromium; hatched bars, animals fed 
with nickel and subsequently sensitized to both metals; dOlled bars, animals 
fed with chromium and subsequently sensitized to both metals; .p < 0.02, 
..p < 0.01 compared with the unfed nickel-sensitized group (solid bars). 
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Figure 6. Unresponsiveness induced by nickel-releasing cages. Groups of 
mice bred and maintained in nickel-free cages (glass) and groups of mice bred 
and maintained in conventional cages (metal) were sensitized to ruckel (solid 
bars). Control groups were treated with CFA only (opw bars). Eleven days 
after sensitization, animals were challenged with nickel. Data are expressed 
as mean ear-swelling response (X 10- 2 mm) ± SO of nine to 10 mice per 
group at 4B h after challenge; p < 0.0005 compared with the nickel-sensi-
tized group that was bred in a glass environment (other soljd bar) . 
nickel sensitivity, mice bred and maintained in a nickel-free environ-
ment and mice bred and maintained in conventional cages with 
metal covers and water nipples were compared as to their capacity to 
respond to the nickel sensitization. That nickel could be released 
from all used metal cage parts was demonstrated by the dimethyl-
glyoxime stick test [17] . The ear-swelling responses clearly showed 
that in a nickel-releasing environment, nickel sensitization was al-
most completely suppressed (S2% suppression; Fig 6). 
Adoptive Transfer of Oral Tolerance To identify the cell type 
responsible for a state of orally induced tolerance, pools of cells were 
derived from Iy~~h no.des draining the digestive tract and spleen. 
The cells were divided mto CDS- and CDS+ cells and transferred. 
Figure 7 shows that tolerance was only slightly transferred with a 
total cell pool from animals that had been fed with nickel sulfate in 
their drinking water (Fig 7). Suppressive activity was strongly 
present in the CDS+ selected pool (65% suppression; p < 0.045) . 
DISCUSSION 
The data present a reproducible model for the assay of nickel hyper-
sensitivity in mice. The delayed time course of the reaction and the 
abi lity to adoptively transfer nickel sensitivity with lymphoid cells 
clearly demonstrate the cell-mediated nature. Sensitization was in-
duced by injecting mice once intr;0ermally with nickel sulfate in 
CFA. A clear antigen-specific ear-swelling response was invariably 
achieved by challenge into the pinnae of the ears, all animals being 
responders. 
Epicutaneous challenge methods using dimethyl sulfoxide, eth-
anol, or methanol as flux enhancers [15] were not successful in 
eliciting hypersensitivity (data not shown). It is possible that oral 
grooming by the animals interfered with epicutaneous testing by 
reducing the amount of applicated allergen. However, in a previous 
report on mercury, chromium, and nickel sensitization in mice 
using epicutaneous challenge with 40% dimethyl su lfoxide in dis-
tilled water, we did obtain strong, reproducible ear-swelling re-
sponses for mercury and chromium but not for nickel [13]. In that 
study, we immunized either by epicutaneous application of a metal 
salt in petrolatum underneath a plaster cast or by injecting a metal 
salt in CFA into the footpads. Most effective chromium and mer-
cury sensitization was achieved with the epicutaneous immuniza-
tion method. Altogether our data indicate that nickel penetrates less 
well into mouse skin than mercury or chromium. Poor penetration 
of mouse skin for nickel ions has also been suggested by Robinson 
and Sneller [18] who used repeated applications on the shaved back. 
In their study, a significant ear-swelling response was only obtained 
when the ears were lightly scratched with a needle before challenge 
to facilitate skin penetration. Ishii et al [19] were also unable to elicit 
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ear-swelling responses after epicutaneous sensitization with nickel 
sulfate underneath a plaster cast but achieved footpad-swelling re-
sponses by subcutaneous injection. In clinical methods, intradermal 
testing to nickel is recommended to retrospectively analyze possible 
false-negative reactions [20,21]. In humans, initial exposure to 
nickel leading to allergic contact hypersensitivity may also be intra-
dermal: the major cause of nickel allergy is ear-piercing and possibly 
the subsequent wearing of inexpensive jewelry [S]. 
Thus far, nickel-hypersensitivity models in mice have been ham-
pered by the lack of reproducibility [12,13,22,23]. Others have 
described strong differences in the degree of nickel hypersensitivity 
in 14 different mouse strains [19]. Considering the readiness with 
which mice can be rendered tolerant to nickel after oral exposure, 
this may be an important factor explaining the lack of reproducibil-
ity of nickel-hypersensitivity models. Although we have no infor-
mation about the animal housing in other laboratories, in our ani-
mal house part of the water nipples and the metal frames covering 
the cages were found to release nickel when examined with the 
dimethylglyoxime stick test. Because mice frequently nibble and 
lick at these cage parts, this can induce a degree of oral tolerance, as 
demonstrated in the present study. The breeding of mice in a 
nickel-free environment is therefore an important prerequisite for 
the reproducibility of the sensitization model. 
Timely feeding of nickel or chromium salts also readily pre-
vented subsequent sensitization in a dose-dependent way. The 
metal doses used in our experiments did not lead to toxic adverse 
effects, as determined by weight loss or overall appearance of the 
animals. Indeed, potential toxic oral nickel doses for mice have been 
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Figure 7. Adoptive transfer of oral tolerance. Recipients were injected with 
cells from donors that had been fed for 3 weeks with drinking water contain-
ing 90 mg NiSO./liter (approximate total dose 6 mg NiSO./mouse). 
Feeding had been stopped 1 week before transfer. Total pools of cells were 
derived from spleen and cervical and mesenteric lymph nodes. Part of the 
ce ll suspension derived from nickel-fed animals was divided into CDB+ and 
CDB- cells. Recipient mice received 1 X 108 of the total cell pool, 1 X 107 
CDB+ cells, or 9 X 107 CDB- cells and were sensitized to nickel within 1 h 
after transfer. Eleven days after sensitization, animals were challenged with 
nickel. Data are expressed as mean ear-swelling response (X 10- 2 mm) ± SO 
of seven mice per group at 4B h after challenge. Open bar, animals injected 
intravenously with 1 X 108 lymphoid cells (containing 8.B% COB cells) of 
unfed donors and subsequently sensitized with CFA only; solid bar, animals 
injected intravenously with 1 X 108 lymphoid cells (containing B.B% COB 
cells) of unfed donors and subsequently sensitized to ruckel; hatched bars, 
animals injected intravenously with 1 X 108 lymphoid cells (total pool; 
containing 11.1 % COB cells), 9 X 107 CDB- depleted lymphoid cells (con-
taining < 0.1 % COB cells), or 1 X 107 CDB+ selected lymphoid cells (con-
taining 73% COB cells) from nickel-fed donors and subsequently sensitized 
to nickel. A control group of seven mice that had been fed with nickel and 
was subsequently sensitized and challenged at the same time as the recipient 
groups exhibited a degree of tolerance of95% (data not shown);·p < 0.045 
compared with the ruckel-sensitized group that was transferred with cells 
unfed mice (solid bar) . 
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described to be at least 50 - 100 times higher than used in the current 
study [24J. The achieved unresponsiveness was highly specific be-
cause in mice fed with nickel salt and then immunized with both 
nickel and chromium, only nickel sensitization was downregulated 
and vice versa. Therefore no evidence was found for a "bystander-
suppression effect," as recently described for orally induced 
suppression to experimental autoimmune encephalomyelitis in 
rats [25J. 
Suppression of specific immune responses after oral antigen ad-
ministration has been studied in several experimental animal models 
with a variety of predominantly T -dependent antigens. Oral toler-
ance induction to systemic humoral or cell-mediated immunity has 
been described for contact allergens [26 - 29), soluble proteins such 
as ovalbumin (reviewed in [5,6]), red blood cell- bound antigens 
(reviewed in [30-33]), inactivated viruses and bacteria [34,35], as 
well as for autoantigens involved in autoimmunity (reviewed in 
[7]). These data comprise unresponsiveness to various aspects of 
systemic humoral and/or cell-mediated immunity. In contrast, local 
(secretory) immunoglobulin A response in general is unaffected 
(36 - 39J. The biologic role of oral tolerance may lie in the preven-
tion of allergic reactions to food [5,40]. Because only recently has 
the potential therapeutic power of oral tolerance induction begun to 
be appreciated, the underlying mechanism of oral tolerance is still 
poorly understood [41]. A complicating factor is that oral tolerance 
may affect systemic cell-mediated immune-effector function inde-
pendently from systemic humoral immune functions [42-45) . This 
implies that both immunoactivating and immunosuppressive mech-
anisms may operate simultaneously. Several immunoregulatory 
mechanisms have been implicated in the induction of oral tolerance, 
such as the development of anti-idiotypic antibodies [46J and im-
mune complexes (47,481. Our data showing that oral tolerance to 
nickel sensitization can be transferred by CD8+ cells are in line with 
other evidence for a role of activated Ts cells [5,29,33,35,49J, fossi-
bly CD8+ [50,511, involved in oral tolerance induction to cel-me-
diated immunity for other antigens. Also the persistence of oral 
tolerance is an indication of the involvement of cells rather than 
factors; in a previous study in a guinea pig nickeljchromium contact 
hypersensitivity model, we could demonstrate that complete toler-
ance could not be broken for at least 2 years after induction [9). Thus 
far we have flot tested whether the tolerance in mice to nickel can be 
maintained for a long period, although in mice a long-lasting toler-
ance induction via the oral route has been described using ovalbu-
min [43). 
The mouse modeJ for nickel sensitization described ill the present 
study and the possibility of tolerance induction via the oral route can 
be further used to characterize the underlying mechanisms of sensi-
tization and specific immunosuppression. Eventually, this may lead 
to therapeutic applications for the clinically important allergen 
nickel. 
This lVork lVas stlpported by the Dutch Praevetltiefottds gratlt tlo. 28-1357. 
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